§8                          PRELIMINARY.
179.  The Vis Viva, or Kinetic Energy, of a moving body is pro-portional to the mass and the square of the velocity, conjointly.   If we adopt the same units of mass and velocity as before, there is particular advantage in denning kinetic energy as Az^the product of the mass and the square of its velocity.
180.   Rate of Change. of ^ Kinetic Energy (when defined as above) is the product of the velocity into the component of acceleration of momentum in the direction of motion.                ,
Suppose the velocity of a mass M to be changed from v to f, in any time t; the rate .at which the kinetic energy has changed is
ij/(z/;-z>) is the rate of change of momentum in the dir£c-
tion of motion, and \ (v,+v) is equal to v, if T be infinitely small. Hence the above statement. It is often convenient to use Newton's Fluxional notation for the rate of change of any quantity per unit of
time. In'this notation'(§ 28) i> stands for - (vf- z/) j so that the rate of change of.^Jf^, the kinetic energy, is Mv •. v. (See also §§ 229, 241.)
181.  It is to be observed that, in what precedes, with the exception of the definition of density, we have taken no account of the dimensions. of the moving body.   This is of no consequence so long as it does not rotate, and so long as its parts preserve the same relative positions amongst one another.   In this case we may suppose the whole of the matter in it to be condensed in one point or particle^   We thus speak Of a material particle, as distinguished from & geometrical point.   If the body rotate, or if its parts change their relative positions, then we cannot choose any one point by whose motions alone we may determine those of th6 other points.   In such cases tfie momentum and change of -momentum of the whole body in any direction are, the sums of the momenta, and of the changes of momentum, of its parts, •in $hese directions ; while the -kinetic energy of the whole, being non-directional, is simply the sum of the kinetic energies of the several parts or particles. •
182.  Matter has an innate power of resisting external influences, so that every body, so far as it can, remains at rest, or moves uniformly in a straight line,
This, the Inertia of matter, i<5 proportional to the Quantity of matter in the body. And it follows that some cause is requisite to disturb a body's uniformity of motion, or to change its direction from. the natural rectilinear path.
183.  Force 'is any cause which tends to alter a body's natural state of rest, or of uniform motion in a straight line.
Force is wholly expended in the Action it produces ; and the body, after the force ceases to act, retains by its 'inertia the direction of